INTRODUCTION
Successful start-up of anaerobic reactors is an important indication for a stable operation and high removal efficiencies within a shorter possible time [1, 2] . Variety of bacteria groups during start up process may cause unbalance and hence contributes to reactor failure. Few factors were extremely important in getting successful start-up such as biomass activity, growth rate, volume of inoculum, size and properties of granules, loading rate, hydraulic retention time (HRT) and mixing characteristics, environmental parameters (pH and temperature) and finally wastewater, composition, strength and fluctuation in these parameters. Therefore, to achieve an optimum start up strategy can be a time consuming and complex process [3, 4] . The fluctuations in external parameters such as temperature, HRT and pH should be avoided while organic loading rates (OLR) should be consistent throughout the process.
Adequate seeding is crucial since anaerobic bacteria may undergo slow growth process which leads to a long start up process. Considerable literatures are available on the start-up due to the need to develop sludge with certain properties, especially good settle ability. However, extensive variation is seen in the time taken for the sludge agglomerates to appear. Anaerobic responses to seed volume depend on many factors such as presence of toxic materials, activity of the biomass, characteristics of the seed and duration of overloading [5, 6] . The imbalance or upset of the reactor usually occurred due to the complexity of microbial interactions that involved. A build up on the residual chemical oxygen demand (COD) concentration owing to volatile acid (VFA) accumulation is one of the most common symptoms that caused by the overloading of organic. This in which can leads to inhibition of methane production (acidosis) [5, 7] .
An active methanogens biomass with high digesting capacity were develop in order to determine the importance of seeding concentration on reactor start up and to monitor certain key parameters such as solids loss and floc size that had not been monitored yet. Apart from that, reactor configuration also plays a significant role during anaerobic start up. Hence, a novel MAHB reactor which is a combination of regular suspended growth systems and fixed biofilm together with the modification of baffled-reactor configurations has been developed. Each different modified baffles have its own characteristics (form/shape) to assist a better contact and superior mixing of wastewater and anaerobic microorganisms [2] . Furthermore, literature survey designates that treatment of effluents that released from recycled paper mills have not been reported using MAHB reactor.
The objectives of this present work are to investigate whether different seed loading could enhance the MAHB reactor performance and to explore the ability of the reactor to handle different seed ratio. For that reason, the main operating parameters studied includes COD removal efficiencies, system pH, total volatile fatty acids (VFA) concentration, solids analysis, and reactor performance at each steady state. The bacterial morphology also was observed at each steady state condition.
METHODOLOGY

Modified anaerobic hybrid baffled reactor
Five compartments with total active volume of 58 litres lab scale modified anaerobic hybrid baffled (MAHB) reactor was used in this study. The sampling ports were located at the top and bottom of each compartment, and the reactor were maintained at room temperature using a water bath. Polypropylene pall rings were used as a media to support the formation of biofilm which located under surface of compartment two and three.
Sampling and analysis
Samples were collected from each compartment as well as with final effluent from the system for analysing purpose. For each start up, the MAHB reactor were assigned with a unique strategy for seeding process. The seeding arrangement is a combination of Palm Oil Mill Effluent (POME) sludge with RPME wastewater as shown in Table 1 . The startup and performance of 58 L modified anaerobic hybrid baffled (MAHB) reactor operated under mesophilic conditions (35˚C) were investigated. The performance data of MAHB reactor and its influence of seed loads and start up process with regards to chemical oxygen demand (COD) removal by using various seed arrangement are compared. Three different seed loads were evaluated. Similar start up strategies were adopted in all systems, using a constant hydraulic retention time (HRT) of 4 days and influent chemical oxygen demand (COD) concentration of 750 mg/L. This present study was done to compare the result for COD removal, pH, methane concentration, and solid content in terms of volatile suspended solids (VSS) at three different start up. Start up 3 shows better reactor performance with highest COD removal (87%), stable system pH, and higher methane content (> 65%). At the end of experiment, methanogen bacteria were observed in the MAHB reactor using autofluorescene microscope and scanning electron microscope (SEM) identification. Population of most probably Methanosarcina, Methanasaeta and Methanobacterium were present in the MAHB reactor which are responsible to produce methane in the system. MAHB reactor operation was monitored through VFA concentration, pH, COD removal, solids wash out, particle size distribution and gas production. Analytical techniques such as pH and solid concentration (VSS) were based on Standard Methods while floc size was measured using Malvern Particle size Analyser model 2000 [8] . Samples were collected using a specially adapted wide-tipped pipette to avoid any breakage of microbial flocs. Triplicate samples were prepared for each parameter reading to increase the accuracy of the results, and only average value was reported throughout this study. The repeatability of the analysis data was found to be sufficiently high with relative error between repeated runs less than 5%. Biogas composition was determined using Shimadzu Gas Chromatography -Flame Ionization Detector (GC-FID) with prepack N column. Carrier gas was helium set at a flow rate of 50 mL/min, column temperature of 28 °C, detector temperature of 38 °C and injector temperature of 128 °C.
VFAs were determined using esterification methods, while COD was measured using Spectrophotometer DR-2800 according to the reactor digestion method (Jirka and Carter 1975) . Scanning electron Microscope (SEM) and Fluorescence Microscopy were used to examine the microbial population involved. Sludge sample from each compartment were taken and examined in SEM according to standard protocols and were produced at magnifications between 5k -10 k [9] .
RESULT AND DISCUSSION
COD Removal Efficiency
two start up before it reached stabilization in startup 3. This indicates that the MAHB reactor has a good potential for treating RPME wastewater at ambient temperature.
The design of MAHB reactor itself contributes to the high removal of COD. The hanging and standing baffles that were bent 3 cm above the reactor's base at a 45º angle route the flow to the center of the up comer, thus allowing for better contact and biosolid mixing at the base of each compartment [2] . The advantage of this design is that the liquid flow makes repeated passes through the sludge, ensuring good contact between liquid and solid and reducing bypassing of the sludge [11] .
Hence, the microorganisms able to decompose complex organic substances into simple, chemically stabilized compounds mainly methane and CO2 effectively. Furthermore, this hybrid system (attached and suspended growth system) was better compared to conventional system. The difference is due to the existence of the biofilm in the hybrid reactors and these results confirm the competence of the hypotheses and agree well with data from the literature [12] [13] [14] .
System pH and total VFAs present in reactor for different start up strategies
Figure 1: COD removal efficiency in MAHB reactor at different start up strategies MAHB reactor shows stable performance for each start up period. Overall process took about 75 days to complete all 3-different start up where the startup process for all three-different seed loading achieved stable performance regarding the COD removal and methane production rate in less than 30 days. However, extra attention should be focused on their changes in removal efficiencies ( Figure 1 ) and performance behaviors. The fluctuating removal efficiencies were recorded as continuous feeding started for each start up. During each start up period, an increase in COD removal efficiency was observed where highest removal efficiencies were recorded in startup 3of value of 87%. The results show similarities with the research work reported by a researcher [10] . They found out that more than 85% COD removal were achieved during start-up period. High COD removal indicates that the organic matter in the supernatant was hydrolyzed by microorganisms available that grow well from the provided seed until the number of microbes become limited to digest further the organic matter. Start-up 3 was accomplished after 28 days of continuous operation (day 73) with a subsequent stable performance [2] .
The early variations in COD removal efficiency in all three start up were due to overloading slower methanogens and environmental conditions favoring acidogenic bacteria. The fluctuating efficiencies are clear in first lower pH values in between 5.9 to 6.37 in front compartment were noted for each start up 1, 2 and 3, respectively. This might be due to high activity of hydrolytic and acidogenic bacteria compared to methanogenic bacteria. The later compartments show lower VFA concentrations (decreased from 192 to 124 mg/L) and increasing pH up to pH of 6.7 in compartment 5. This is due to high activity of methanogenic bacteria producing methane. This indicates the different microenvironments select the dominant bacteria population. The similar behaviour was noted for all start up 1, 2 and 3.
It was observed that for each start up strategies, the VFA in first three compartments dropped rapidly, while other compartments (compartment 4 and 5) were found to be the least affected. This phenomenon indicates accumulation of fatty acids in first three compartments while methanogenesis occurred in later compartments. This was due to the fact that the hydrolysis, acidogenesis and acetogenesis dominantly occurred in the initial chambers [12, 15] .
Result shows that pH profiles were uniformly below 7 for each start up in the whole system. It was observed that pH value was slightly constant in front compartment which designates the effective consumptions of volatile acids by methanogens. The earlier compartments had lower pH as acidogenesis and acetogenesis occurred in these compartments [16] . Thus, due to the high concentration of volatile fatty acids (VFAs), the sudden drop in the pH (pH of 5.92 to 6.37), especially in the first compartment is quite noticeable. Fig. 3 shows that the pH in the first compartment was the lowest. The pH values increased along the reactor to pH of 6.61, 6.04 and 6.70 for each start up 1, 2 and 3, respectively due to the conversion of intermediate products, i.e. the VFAs in the latter compartments which also contributes to a high methanogenic activity [17, 18] .
This increase happened because COD removal increased up to 85% which means no sufficient food was left for microorganisms to survive. [19, 20] . Furthermore, the environmental change for these bacteria from the original environment to the new environment of the anaerobic digester can explain the steep decrease of the microorganisms in general and these methane-forming bacteria in specific, during the start-up period [21] . These methane-forming bacteria are oxygen-sensitive, fastidious anaerobes and are free-living terrestrial and aquatic organisms. Although these bacteria are oxygen sensitive, this is not a significant disadvantage where it is usually found in habitats that are rich in degradable organic compounds. Through microbial activity, a rapid removed of oxygen occurred in this habitat [22] .
From the data obtained, it shows that start up 3 have more stable VFA and pH variation which indicates better performance of the MAHB reactor in terms of methanogenic activity. This is proving by high pH value and quite low VFA concentration (< 10 mg/L) at the rear end of the MAHB reactor that provides superior environmental condition for methanogenic bacteria to become more active in converting acetate and hydrogen to methane. This data is supported from previous study [2] .
Solids analysis at different start up
The cumulative volatile suspended solids (VSS) wash out for each compartment for different start up is shown in Figure 3 .
From the table, it could be seen that the COD removal efficiencies increased from 61 -69%, 68 -78 % and 69 -87 % for start-up 1, 2 and 3, respectively after each increased in seeding arrangement at steady state condition. During the first few days of start-up, the effluent obtained was quite turbid because some light suspended solids in the seed sludge had been washout. For start-up 1, COD concentration of the effluent quite high which resulted in low COD removal efficiencies and only 33.90% (0.0566 L CH4/day) of methane was produced. This indicates that the volume of seed sludge was not enough to digest the substrate inside the RPME wastewater. However, with the increasing ratio of seed sludge in subsequent start up (start-up 2), a significant increase in COD removal efficiencies (as high as 78%) and methane content (> 0.2 L/day) were achieved. During start up 3, the MAHB reactor was able to remove as high as 87% of influent COD and produce biogas containing 70% (0.7967 LCH4/day) methane.
Figure 4
shows the top view of opened MAHB reactor at the end of start-up 3. Observation shows that a thick film was develop on the surface of polypropylene ring on second and third compartments which indicates that inoculated digested sludge was fully acclimatized and the reactor could be operated for further study. The biogas bubbles were also clearly observed between the polypropylene pall ring in compartment 2 and 3. shows highest VSS lost compared to other two. A sharp increase in VSS lost for start-up 3 were in response to an increment of seeding arrangement and influent concentration compared to lower VSS lost in both start up 1 and 2. Similar parameters should be affecting solid loss as those described for floc size. Washout of large amount of biomass more than 40% cannot be allow since increases in methane gas production and subsequent improvements of reactor performance invariably delayed.
This means too much biomass washout can disturb or inhibited the growth process of the biomass particles or granules which are the key factor for microbial population inside the MAHB reactor [23] . In start-up 3, an increased in washout were attributed to the observed increased in methane production and high concentration of seeding arrangement. The washout of biomass seems to be controlled by increased gas mixing. Although the VSS lost were highest in start-up 3, based on the result, start up 3 gave better performance in terms of methane content and COD removals efficiency compared to start up 1 and 2. Furthermore, the VSS lost for each start up not more than 50% after 80 days of operation.
Reactor performance at steady-state for different start up
At the end of start-up 1, COD removal efficiency was in a range of 61 -69 % for almost one week. This indicated that the reactor could be operated continuously until it reached steady state condition. The RPME wastewater was pumped into the MAHB reactor with an increased in seeding arrangement. For every change in seeding arrangement, various parameters were monitored until reached steady state (defined by constant COD values in the effluent for 4 days) condition. COD removal efficiency, pH, methane production rate, alkalinity and floc size at steady state condition were shown in Table 2 . During the experimental phase, the influent pH varied from 6.8 to 7.1, alkalinity from 90 to 200 mg/L, while effluent pH and alkalinity were 7.1-7.8 and 155 to 240 mg/L, respectively as shown in Table 2 . As the seeded ratio increased, the system pH in all five chambers remained at 5.5 -7.0, which indicates that buffering capacity of RPME wastewater is satisfactory enough to neutralise the produced VFA during the anaerobic digestion. This is then capable to maintain the digestion liquor pH at the optimum value for methane-producing bacteria, thus guaranteeing the stable operation of the reactor. L/day) were achieved. During Engineering Heritage Journal / Galeri Warisan Kejuruteraan 1(2) (2017) 05-09 the anaerobic digestion. This is then capable to maintain the digestion liquor pH at the optimum value for methane-producing bacteria, thus guaranteeing the stable operation of the reactor.
Initial sludge inoculum had an average floc size of 92.805 µm. Increasing size may due to flocculation process where several small particles were combines to form larger floc that leads to granules formation. This clarification supported by report stating that proteinaceous feed may add to the polymers present in the MAHB reactor and encourages polymer bridging between particles. Results clearly demonstrate a considerable increase in floc size (Table 2) over time with an interesting profile through the MAHB reactor. However, the floc size was slightly decreased in compartments 5 due to possible washout and less nutrients at the rear end of the MAHB reactor. Compartment 1 -5 had floc size of average diameter of 105 -160 µm, 110 -190 µm and 150 -210 µm for start-up 1, 2, and 3 respectively. This result were in comparison with previous result obtained by Barber and Stuckey. This indicates that start up strategy does affect the floc size profile in the MAHB reactor [19] .
The results presented shows that the larger floc size was found in compartment 4 for each start up. The reduced floc size in front compartment may be attributed to high COD levels which result in high gas production and thus disrupt the flocs and reducing their size while the reduced size towards the rear ends of the MAHB reactor were due to low level of substrates, which results in low bacterial growth [19] . Subsequently, the floc size of the middle compartment (3 and 4) were attributed to sufficient substrate for bacterial growth and slightly lower gas production reduced effects of gas breakage. Similar floc size profiles were recorded by Barber and Stuckey [9] . From the result obtained, it is concluded that start up 3 provide better performance in terms of COD removal efficiencies, pH, alkalinity, floc size and methane content since it has the highest ratio of seeds during the acclimatization process.
Bacterial Morphology
Methanobacterium sp (light blue green) were present at the front of a hybrid baffled reactor [28] . At the front compartment, the growth of these hydrogen scavenging methanogens were stimulated by elevated levels of headspace hydrogen present. Literature survey appraised that most of active biomass inside hybrid baffled reactor were found at the bottom of each compartment with compartment 1 recorded the highest levels [29] . These discoveries were in comparisons with faster growing bacteria in the leading compartments. From the steady state evaluation of each start up seeding strategies, start up 3 is chosen as the optimal seeding arrangement that leads to better performance and stable MAHB reactor. Hence, for bacterial morphology observation, fluorescent and scanning electron microscope images from compartment 1 ( Figure 5 ) and compartment 5 ( Figure 6 ) of MAHB reactor were taken at the end of startup 3. Methanogenic bacteria can be identified on the basis of their autofluorescence behaviour under ultraviolet illumination. All the methanogenic bacteria observed exhibited autofluorescence, although the rate at which the fluorescence faded varied from species to species. The autofluorescence colour of methanogenic bacteria includes light green, blue green, blue and red in colour as supported from previous research work [25, 26] .
The uniqueness of MAHB reactor construction has contributes to the various profiles of microbial communities present within each compartment. The type and amount of substrate present, as well as external parameters such as pH and temperature also affect the population distribution of microorganisms within the reactor [27] . Within the first front compartment (acidification zone), the fast-growing bacteria which capables to grow at high substrate levels and reduced pH was dominant.
Previous findings by Changsoo, 2009 proved that Methanosarcina sp (with higher growth rate) outcompete at a high acetate concentration (>1 mmol), whereas Methanosaeta sp (with higher substrate affinity) grow favourably well at a low acetate concentration (<1 mmol) [1] . Thus, in most cases, Methanosarcina sp were responsible for methane production under harsh condition due to its fast doubling times and grow well at near neutral pH. Using scanning electron microscopy (SEM), a presumptive naming can be done based on structural characteristics, inclusions shape, and, etc. In compartment 1, from fluorescent microscopy and SEM image ( Figure 5 ) shows a variety of microorganism present within the reactor. This is mainly due to the nature of the substrate influent. Observed morphology includes cocci, bacilli, and rods but lack of filamentous Methanosaeta like bacteria (weekly blue in colour). The denoted coccus shape microorganism might be methanococcus sp as it is comparable with the observed population reported by Pillay [30] . The overwhelming numbers of bacteria observed in compartment 5 ( Figure 6 ) were long tubular filaments and lengths of divided rods. Hence, in compartment 5, SEM image shows that most of the microbe's present might be filamentous Methanosaeta sp. Due to low substrate levels and slightly neutral pH, it is suggested that these microbes were Methanosaeta sp which can have adapted to low acetate levels. The image of Methanosaeta were denoted using previous finding by Pillay and Lima for fluorescent and SEM image respectively by comparing the shape of the microbes in which is bamboo-shaped rods [30, 31] . However, to confirm the species of present bacteria, further microbial identification such as rRNA gene sequences for phenotypically characterized methanogens can be done.
CONCLUSIONS
The present study shows that during start up 3, MAHB reactor successfully removed COD up to 87 % with stable system pH, and higher methane content (> 65%). It seems that the seed loading ratio is beneficial parameters to solve loading problem and gave better performance. Even though, this start up considered successful but more studies are needed to improve the methane production and system pH. Maintaining a suitable and stable pH within the reactor should be a major priority for ensuring efficient methanogenic digestion.
